Membrane-protein systems constitute an important avenue for a variety of targeted therapies. The ability to alter these systems remotely via physical fields is highly desirable for the advance of noninvasive therapies. Biophysical action of acoustic fields in particular holds immense potential for applications in drug delivery and neuro-modulation. Here we investigate the optical response of solvato-chromic fluorescent probe Laurdan, embedded in multilamellar lipid vesicles, subjected to broadband pressure impulses of the order of 1Mpa peak amplitude and pulse width of less than 10μs. The response is quantified in terms of the shift in fluorescence spectra using a ratiometric technique. Based on the fluctuation dissipation theorem applied to a coupled membranefluorophore system, it is shown that the perturbation of the fluorescence spectra of embedded molecules to the pressure impulses is determined by the thermodynamic state of the interface, or in other words, the thermodynamic susceptibilities such as the compressibility or heat capacity of the system. However, given that the thermodynamic susceptibilities of such systems, especially in native biological environment, are not easy to obtain experimentally, a necessary corollary to the thermodynamic approach is derived. This establishes a direct relation between the width of the emission spectra and the thermodynamic susceptibilities of the system. The result has practical importance as it gives access to the thermodynamic properties of the membrane from steady state fluorescence measurement without the need to perturb the system. Simply stated, the experiments show that the magnitude of the perturbation response of a membrane system to an acoustic insult is proportional to the width of the emission spectrum of the embedded membrane probe. Finally, there exists a direct correlation between the solvation (miscibility) and permeation of a molecule through a membrane and the implications of this study for acoustically induced enhanced permeability of the membrane are discussed.
Introduction
Biophysical mechanisms that underline the interaction of acoustic radiation with biological material, especially cellular membranes are of interest because of their possible application in noninvasive ultrasound and shockwave therapies. Behavior of functional molecules embedded in a membrane environment when exposed to an acoustic field is of interest for understanding, for e.g. acoustically triggered membrane permeablization ("sonoporation") and neuromodulation (Legon et al., 2014) . Physical mechanisms underlying the acoustic properties of biological materials have been investigated previously. Floyd Dunn pioneered the research into these mechanisms by establishing phenomenological relationships between the thermodynamic state variables (pressure, pH, temperature) of biological macromolecules and their acoustic properties (absorption and sound velocity) in aqueous suspensions (Kessler and Dunn, 1969; O'Brien and Dunn, 1972) . Artificial lipid membranes in the form of multi-lamellar lipid vesicles were also investigated and an analytical relationship was established between the compressibility of the membrane interface and absorption and velocity of sound through the vesicle suspension (Tatat and Dunn, 1992) . The role of increased acoustic in the membrane and its relation to enhanced permeability was also underlined. However lately, model based approaches, somewhat disconnected from the earlier analytical works in the field, have been guiding the research where the emphasis has been on understanding the aforementioned biophysical mechanisms in terms of presumed motion of microscopic structures in space and time (Koshiyama et al., 2006; Krasovitski et al., 2011) . These recent work have taken a more literal approach to "sonoporation" where the formation of physical pores in the membrane is assumed apriori as a mechanism for acoustically induced enhanced permeability of the membrane (Kudo et al., 2009; Zhou et al., 2009) . It is important to recall that a membrane is not a simple physical barrier that has to be perforated in order to be permeable but it can reorganize around the permeant at an entropic cost via reversible fluctuations (Wunderlich et al., 2009) . Indeed, the permeability of molecules can be described as a linear function of the partition coefficient (miscibility) of the permeant in the membrane while the slope is determined by the molecular size (Diamond and Katz, 1974) . Therefore the solvation state or the hydration state of the permeant-membrane complex that exists as an intermediate during permeation is critical for rate determination (Marcus and Amos, 1985) . Understanding how the solvation state can be modified acoustically is therefore necessary for understanding the phenomenon of "sonoporation". While formation of physical pores during enhanced permeability is certainly one of the possibilities, an approach that assumes such a mechanism apriori would also require apriori assumption about the nature of water in these pores, which is not trivial (Xin Chen et al., 2007; Zheng et al., 2006; Zhu and Granick, 2001) . Such assumptions also discount the possibility of any synergestic role of the conformational changes in the permeant-membrane complex during the process (Seeger et al., 2010) . A complete molecular-mechanical theory although highly desirable is impractical especially given the enormous degrees of freedom presented by biological systems. As a result, the link between physical effects and the chemical or biological activity is not addressed comprehensively by such models. Here we take a fundamental approach (Einstein, 1919) starting from the experimental observations and second law of thermodynamics to establish an analytical relationship describing perturbation in the energy states of a membrane bound fluorescent probe as a result of a pressure impulse.
Fluorescent molecules known as "solvato-chromic" dyes such as Laurdan, Prodan, di-4-aneppdhq etc (Bondar and Rowe, 1999; Kusube et al., 2005; Lorizate et al., 2009; Lúcio et al., 2010; Owen and Gaus, 2009; Owen et al., 2006; Parasassi et al., 1990 Parasassi et al., , 1998 Sanchez et al., 2012; Szilágyi et al., 2008; Sýkora et al., 2009; De Vequi-Suplicy et al., 2006; Viard et al., 1997 Viard et al., , 2001 Wang et al., 2009 ) as well as "electro-chromic" (voltage sensitive) dyes such as di-8-anneps and RH421 (Clarke and Kane, 1997) are known to have spectral properties that are sensitive to their dielectric environment. These molecules are designed to exhibit a high ground state and/or transition dipole moments compared to otherwise "non-sensitive" probes and as a result do significantly more work in a dielectric environment. This results in an environment sensitive shift in the absorption and emission spectrum of these dyes. In this study we employ Laurdan, which has been used extensively in membrane studies (Table 1) . The emission spectrum of the dye shows a red shift as the membrane becomes more hydrated or fluid like. In particular, it shows a large (40-60nm) and abrupt shift in the peak emission wavelength when the membrane goes through gel-fluid phase transition. Since the spectrum behaves as a function of the state of the system, it undergoes an abrupt change, invariant of whether the state changes as a function of temperature (Parasassi et al., 1991) or pressure (Kusube et al., 2005) . Therefore, theoretically it should be possible to see such changes dynamically as well during a pressure impulse. Experimentally, a change in position or shape of the spectrum can also be quantified by the ratio of intensities at two different fixed wavelengths. The resulting value, to be referred as Ratio-metric Parameter (RP), and its variant, Generalized Polarization (GP=(RP-1)/(RP+1)) which is more common in literature as it behaves similar to a general order-parameter for a system undergoing phase transition (Harris, 2002) .
The aim here is to establish a state invariant interrelationship between various measurable thermodynamic properties of the system that includes the specific heat and compressibility of the membrane, emission spectrum of Laurdan, the applied pressure impulse and the resulting synchronous changes in the RP. 
Materials and Methods

Figure 1 Experimental Setup
Materials:
The lipids 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC 850375), 1,2-dimyristoyl-snglycero-3-phosphocholine (DMPC 850345), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC 850355) were purchased as a 25 mg/mL solution in chloroform from Avanti Polar Lipids, Inc., Alabaster, AL, USA. Laurdan was purchased from Life technologies, USA. Unless otherwise stated, all other chemicals were purchased from Sigma Aldrich.
Preparation of multilamellar vesicles (MLVs):
100 ul of the lipids (DOPC, DMPC or DPPC) (25mg/ml), from the chloroform stock without any further purification, were dried in a 10 ml glass vial overnight in a vacuum desiccator. The dried film was rehydrate in 5 ml MilliQ ultrapure water and heated for 30 mins on a hot plate at 50℃ with the cap tightly sealed. The film was then vortexed at 2000 rpm for 30 seconds and the processes repeated once more to get the MLVs suspension. 1ul of a 50mg/ml solution of Laurdan in DMSO (dimethyl sulfoxide) was added to 5ml of MLV suspension, which was then mixed with 500ml of additional MiiliQ water in the temperature regulated tank.
Optical and pressure measurements and data analysis:
A custom optical setup was built for dynamic ratiometric measurements. A high power light emitting diode (Thorlabs) was used as the excitation source with a central wavelength of 385nm followed by a bandpass filter (390 ∓ 20nm). A dichoric mirror (414 nm) then separated the excited and emitted light, with the reflected light focused at the back focal plane of LWD M PLAN FL 20X Objective (Olympus) with a working distance of 13mm. The emitted fluorescence was split by another dichoric at 452 nm collected by two Hamamatsu photomultiplier tube (H10493-003) across two bandpass filters at 438 (∓ 12nm) and 470 nm (∓ 11nm). The pressure waveform was measured using a needle hydrophone from Muller Instruments with a sensitivity of 12.5mV/Mpa (bandwidth 0.3 -11 MHz ± 3.0 dB). It was used to locate the focus and measure the pressure waveform at the focus of the shockwave source (Swiss Piezoclast).
Data was acquired using NI PCI 5122 dual channel simultaneous 100Ms/s digitizer and was analyzed using NI Labview. LED was triggered 5 ms before the shock for a duration 10 ms around each shock. Shocks were fired at 3Hz repetition rate and data was acquired for 500 of which 50 preceded the trigger. Each waveform was sampled down by 10 points average making the effective sampling rate as 10MS/s and bandwidth of 5MHz, which is less than the 8Mhz bandwidth of the PMTs. First 10us were taken as the base signal corresponding to the mean state of the system, 0 for each channel. The overall waveform from each channel was normalized with respect to the corresponding base values to obtain relative intensity changes ( The perturbation ∆ ⁄ , when these samples were subjected to pressure impulse (peak pressure
±1.81
) is plotted as a function of time ( fig.2 ). The impulse is fired at = 0 and can been seen to arrive around = 50 whenever the signal is significant. Interestingly, only a negative response is observed when it is significant, with the maximum response of ∆ ⁄~0.004
obtained from DMPC at 23 , i.e the system that is closest to phase transition ( * ≈ 0). In the gel phase, the observed ∆ ⁄ < 0.001 (the noise level) in both the systems that were in gel state 2 / , going from gel state to liquid state in DMPC MLVs (Krivanek et al., 2008) . Therefore the expected range for ∆ ⁄ , in region where ∆ ⁄ = . ∆ ⁄ is valid, would be from −0.004 − 0.007. This fits the observation rather well given the first order nature of the calculation. Indeed, calculations based on adiabatic compressibility that were measured using low intensity ultrasound (~10 −6 / 2 ) are expected to overestimate the large amplitude response. For example, for a change in peak negative pressure from -1.63Mpa to -1.81Mpa, the peak negative ∆ ⁄ was observed to change from 1.11 × 10 −3 to 1.15 × 10 −3 . But for a further increase in peak negative from -1.81MPa to -1.99MPa, ∆ ⁄ does not increase significantly anymore with a value of 1.155 × 10 −3
indicating nonlinear saturation in response.
Coming to the sign of perturbation, it is important to consider the relaxation times in lipid membranes. Experimentally distinct time scales have previously been identified by others in several different lipid systems when lipid vesicles were exposed to photo-thermal shocks (1℃ temperature rise in 1ns) (Holzwarth, 1089). Broadly these time scales can be associated with formation of a kink in the lipid tail (1-10ns), rotation of lipids (100ns), lateral diffusion (1-10 ), formation of domains (100 ) and phase separation (>1ms). In comparison to the front, the pressure negative tail of the impulse consists of longer time scales which are comparable to the lateral diffusion (1-10 ) range of the relaxation times in lipids. Changes in the lipid tail conformation (1-10ns) or rotation of lipids (100ns) that could happen in the pressure positive phase of the impulse would only alter the environment of the probe at lateral diffusion (1-10 ) timescale and hence a positive ∆ ⁄ might not be observed at these timescales (Holzwarth, 1089). There is also the possibility of action of the impulse through water-to-vapor transition near the interface, which can take place in the expansion phase of the pulse. Indeed, at higher pressure amplitudes we observed clear signs of cavitation at the interface which will be discussed elsewhere. These experiments on artificial membrane systems, predesigned for a desired thermodynamic state in a controlled environment, have helped us appreciate the non-monotonic relationship between the state and how the energy spectrum of molecules embedded in these systems is perturbed by a pressure impulse. As discussed, the nature of these perturbations is consistent in phenomenological sense. However, a more fundamental microscopic understanding of how changes in membrane manifest as changes in the fluorescence spectrum of the an embedded fluorophore are desirable.
From a theoretical point of view, the rationale of using macroscopic measurements on artificial membranes is to establish the microscopic nature of the general principles that can then be applied absorption maximum ℎΔ of electro or solvato-chromatic dye is mainly attributed to the work done by the transition dipole (emission) or ground state dipole (absorption) respectively, on the solvent environment, which is significant for charge-transfer probes due to stronger dipole interactions making them, for instance, "voltage sensitive" (Bublitz and Boxer, 1997) . As a first order approximation ℎΔ ℎ = Δ~. ∆ is the electrical work done on the solvent in the frame of reference of the dye to reach the relaxed state, also known as solvent relaxation. Here is average electric field of the ground state dipole (absorption) or of the transition dipole (emission) of the dye and ∆ is the change in average solvent dipole during solvation. Furthermore then < 2 >~< ∆ >~2 , where is the dielectric constant of the interface analogous to solvent relaxation in bulk along the lines of Marcus and Fraunfelder (Fenimore et al., 2004; Frauenfelder et al., 2009; Marcus and Amos, 1985; Prakash and Marcus, 2007) . Similarly, one should expect a pressure ( ) dependent change in the spectrum of a photoactive molecule ℎΔ ℎ = Δ~. ∆ if it undergoes significant structural change and hence a volume change (∆ ) on irradiation (Frauenfelder et al., 1990; Mauring et al., 2005) . Indeed, molecules that can undergo photo isomerization (for eg. Azobenzene and its derivatives) show significant spectral shift as a function of pressure (Effects, 1984; Kadhim, 1966; Shimomura and Kunitake, 1987 ) and provide us with an avenue to develop "mechano-sensitive" dyes.
For a more general description, let 1 be the (internal) energy of the dye (subsystem 1) which is in equilibrium with the interface. Then let 2 be the energy of the rest of the interface (subsystem 2).
The number of ways the total energy can be distributed in these two compartments given that the two systems interact and the individual probabilities are not independent ( ( 1 , 2 ) ≠ ( 1 ). ( 2 )) is a function of the entropy of the entire system (Chowdhury and Chanda, 2012) .
Taking a heuristic point of view and noting that an interface has its own specific heat and entropy decoupled from the bulk (Einstein, 1901) , the entropy of the interfacial system is defined as ( 1 , 2 ) (Einstein, 1911) which gives the probability distribution function as; = .
( 1 , 2 ) 1 2
(1)
Realizing that the most probable energy state 1 0 of the dye lies at the maximum of entropy potential, the Taylor expansion of the entropy up to second term near ( 1 0 , 2 0 ) can be written as; 
As there is an entropy maximum at ( 1 0 , 2 0 ), we have 
Therefore, the energy fluctuations in the two systems are not only governed by the heat capacities of the respective systems
but are also coupled
Here includes Boltzmann constant and hence has the units of energy. Going back to the fluorophore membrane system, 1 is the (internal) energy of the dye (subsystem 1) and is directly related to the mean radiation energy absorbed or emitted by the fluorophore as per the first law;
Here 1 * is the energy of the electronic state immediately upon absorption or emission which is essentially instantaneous (~10 −15 sec) (Jaffe and Miller, 1966) and can be assumed to be independent of any rearrangement in hydration shell (~10 −12 sec) where is the wavelength of radiation. Therefore any variation in ( ) due to rearrangement of the hydration shell can be attributed mainly to variations in 1 , i.e. only the relaxed state energy distribution of the dye molecules
1
. From Maxwell theory, the spectrum (radiation density) and the corresponding mean radiation energy absorbed or emitted ( ) are related as (Einstein, 1909) 
1 Since we are interested in fluctuations in 1 , 1 * is assumed constant for the simplicity of analytical results. In general an increase in the distribution of the radiation would results from addition of the increase in distributions of both the ground and the excited states of the dye molecules 1 * 2 + 1 2 = 2 , (properly ( 1 , 1 * , 2 ) written for steady state) as a result of change in the state of the hydration layer. Thus an increase in distribution of radiation still reports an increase in fluctuations of the hydration layer and the assumption regarding 1 * , although justified by the timescales, is not necessary.
If
is the observable that determines the state phenomenologically based on Einstein's description of entropy potential, then using ( ) = 0 and for a normalized distribution
Then from eq. (5) and (6b) we have < 1 2 >~< 2 >. Now either by propagating the error in ( ) to , or by redefining the entropy potential phenomenologically as ( , 2 ) (Kaufmann, 1989 ) and using eq. (4), (5), (6) which is experimentally accessible and is essentially the change in mean or peak absorption or emission wavelength. The term is plotted as function of temperature in fig. 3 for DPPC MLVs and shows strong correlation with the specific heat (Grabitz et al., 2002) allowing us to write
or using eq. 7, ∆~∆ 2
where is the heat capacity of the system. Thus the is directly correlated to the energy of the surrounding membrane and the strength of coupling is determined phenomenologically by the constants of proportionality in eq. (8). Conditions when such an assumption is valid, in general, have been discussed previously in detail by others for fluctuation correlations in lipid systems (Heimburg, 1998; Shrivastava and Schneider, 2013; Steppich et al., 2010) . In fact, together with these earlier works the following has now been observed; 
In addition to already introduced variables, is the absolute intensity at fixed wavelength or polarization or the intensity. In fact can represent the optical observable even for nonfluorescence measurements such as transmission, which is again closely related to μ (Shrivastava and Schneider, 2013) , the average dipole moment at the interface. Note that strong coupling between the embedded molecule and the membrane has a significant impact not only on the embedded molecule but also on the membrane, which can alter the properties of the environment locally as well as globally (Papahadjopoulos and Moscarello, 1975) . So in that respect is different from other observables. However, extending this relation to gives direct access to the nature of local energy landscape in the form of < 2 > through simple instrumentation and allows us to appreciate how the macroscopic state of the system can dominate this landscape, which was not possible before. In fact, using eq (7) and (8) one can write;
Where ΔΓ = √ Γ 2 − Γ 0 2 can be approximated by excess FWHM from spectrums of Laurdan plotted for DPPC in Fig.3 as reported by others (Parasassi et al., 1991) . Then as observed from Laurdan is plotted in the inset ( fig .3 ) using a phenomenological constant of proportionality = 5000 . −1 and Γ 0 ≈ 50 approximated as FWHM of Laurdan in n-hexane (Titova et al., 2014) . The obtained predicts the macroscopic excess rather accurately (Heimburg, 1998; Wunderlich et al., 2009 ) when the state changes from gel to the transition region, however it doesn't decrease as significantly as macroscopically measured when moving from gel to fluid state. This behavior is remarkably similar to quantum statistical calculated by Wilkinson and Nagle based on a hindered harmonic potential (Wilkinson and Nagle, 1982) and might provide further insights into the observed microscopic nature of specific heat in lipid environment. For example, the effects of increased hydration on the energy distribution of embedded molecules due to formation of hydrogen bonds (Poperscu et al., 2013) . Note that we have made no assumption regarding the nature of interaction between the fluorophore and membrane, for e.g. weather its "electro-chromic" or "solvato-chromic". Still, while thermodynamics can explain the implications of a given value ( )
for the coupling term < > but not why they couple, at least not without further knowledge on the structure of the molecules and mechanistic assumptions (placement and orientation vs hydration, charge interaction) about the nature of interaction between the fluorophore and its local environment. While the fluorescence phenomenon is local, it's the imposition of entropy law for the entire system (eq.2) that makes the fluorescence behaves as an integrated variable of the state.
The relationships derived here attribute a thermodynamic meaning to the fluorescence spectra that significantly differs from how fluorescence data is currently interpreted in such systems (Parasassi et al., 1990) . Usually fluorescence spectra is interpreted in structural terms of "tight" packing of the molecule into the bilayer and the resulting water content of its surroundings (Bagatolli, 2003; Harris et al., 2002; Parasassi et al., 1991) . In model pure lipid vesicles, which show clear phase separation, the broadening during the transition can be partially attributed to the coexistence of the phase separated domains as given by the lever rule applied to a first order phase transition (Parasassi et al., 1990 (Parasassi et al., , 1993 Sanchez et al., 2012) . However, multi-component system on the other hand can approach a critical limit where most of the molecules exist at a domain boundary (Honerkamp-Smith et al., 2008) and in these systems the spectral fluctuation are expected to become evident at single molecule level (Wazawa et al., 2000) and can be investigated using, for instance, Fluorescence correlation spectroscopy (FCS) (Rigler, 2010) . Interestingly in many biological systems, in the absence of direct evidence of phase separated domain like structures, fluorescence spectra show significant shift and state dependent broadening (Hazel et al., 1998; Lorizate et al., 2009; Sýkora et al., 2009; Toyoda et al., 2009; Vanounou et al., 2002) . In these cases while the structural interpretation remains ambiguous, researchers are debating transient phase separated microdomains, known as lipid rafts (Munro, 2003; Sanchez et al., 2012) , similar to fluctuating micro or nano domains that exist near a criticality (Honerkamp-Smith et al., 2008) but are difficult to resolve experimentally. Eq. (1), (3) and (10) on the other hand provide a thermodynamic meaning of the spectral width in terms of the heat capacity of the environment that does not require such a structural interpretation.
The principle that has been shown to be at work when state and hence the spectrum of Laurdan changes as a result of pressure or temperature also explains the change in spectrum of Laurdan due to the introduction of other nonspecific molecules in the system, such as cholesterol, detergents, drugs, alcohol and other ingredients (Table 1 ). State changes due to various molecular agents have been measured using Laurdan, they have been tabulated in Table 1 along with the corresponding references. Given that the presented theory unifies a wide extent of observations made with Laurdan in artificial systems, it remains to be seen how far these principles can be applied to dynamic process in Biology with all its heterogeneity intact. Experiments done previously by Tasaki on Nerve fibers during an action-potential present a promising outlook, where the width of the emission spectrum was observed to shrink at the peak amplitude (Tasaki et al., 1973) .
Independently Luzzatti et.al, showed independently using X-ray diffraction measurements that the nerve gets stiffer at the peak amplitude (Luzzati et al., 1999) , as the work presented here would have predicted.
Finally coming back to "sonoporation", since the emission spectrum of the fluorophore is directly related to its solvation state at the interface, acoustically induced shift in the emission spectrum indicates, in general, a change in the solvation of a permeant in the membrane. A negative value for ∆ ⁄ represents an increase in hydration of the dye molecule, which to a first order can be assumed to be similar for similar molecules penetrating the membrane (Engelk et al., 2001 ). Hence a negative ∆ ⁄ is equivalent to a decrease in activation barrier for hydrophilic molecules and its relative drop can be seen to be maximum near a transition or peak in the compressibility or the heat capacity of the membrane (Fig.2) . While this result at first might appear to be rather specific to a particular lipid composition at a particular temperature and therefore of little use in native biologic membranes with vast structural inhomogeneities, the generality becomes apparent when the result is seen as a function of the thermodynamic state of the system and not that of the structure (Schneider, 2011) . Furthermore native biological membranes self-organize and even adapt to stay near a criticality in the state diagram of the biological membrane (Hazel, 1995; Hazel et al., 1998; Melchior and Steim, 1976) . Laurdan has in fact been used in several of these studies showing that cell membranes change the lipid composition as they adapt to different environmental condition in order to stay in a relatively similar state of fluidity near a transition (Sasaki et al., 2006) . Hence the contribution of the mechanism suggested here is expected to be significant in native biological membranes as well, when seen as a function of state and not lipid composition as underlined in Figure. 2.
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Perturbations in the emission spectrum of solvato-chromic dye Laurdan allowed us to demonstrate that the solvation state of a molecule in the membrane can be modulated acoustically, possibly explaining "sonoporation". Perturbations due to finite amplitude pressure impulses in the emission spectrum of the membrane probe Laurdan embedded in lipid membranes, have been explained on the basis of fluctuation dissipation theorem. The discussion here does not include cavitation inducing pressure amplitudes, which will be presented as a separate study elsewhere. For such finite amplitude pressure impulses, the width of the emission spectrum quantitatively predicts the specific heat of its environment and hence predicts the membrane response to perturbations or pressure impulses. The local nature of the measurements makes this an immensely powerful experimental technique, as theoretically, it should now be possible to spatially map the heat capacity and other thermodynamic response functions of cellular microenvironments from steady state fluorescence measurements (Sezgin et al., 2015) . The ability to do this will help in determining the susceptibility of different cell types or a certain micro environment of theirs to pressure impulses (in general any thermodynamic field) which in turn can help for e.g. find better targets for acoustically triggered therapies. (Garda et al., 1997) Table 1. Summarizing the experimental studies supporting the derived relationship between fluorescence spectra of an embedded dye and membrane susceptibility. GP represents generalized polarization, C represents heat capacity of the entire sample. GP(T) or C(T) for e.g. implies measured as a function of temperature.
